generated by the device could, for instance, help materials scientists to make better solar materials by tracking the paths of electrons through solar cells, and might allow chemists to trace the ultrafast dynamics of photosynthesis and catalysis. "This is something people have been waiting for for a very long time, " says Oleg Shpyrko, a physicist at the University of California, San Diego. Shpyrko often waits months to get his experiments accepted at the Advanced Photon Source, a synchrotron at Argonne National Laboratory in Illinois, and must then fly his students halfway across the country to do the work.
The tabletop sources rely on a technique called high-harmonic generation, in which laser light is passed through a medium that converts it to light of shorter wavelengths and higher frequencies. Shine a ruby laser into a quartz crystal, for example, and a beam of ultraviolet light comes out -albeit dimmer, but still focused like a laser beam.
Murnane and Kapteyn have pushed highharmonic generation to its limits, with a system that uses an infrared laser as the source and pressurized helium gas as the medium. The laser creates a strong electric field, which draws electrons away from the helium atoms, allowing the electrons to absorb energy from the electric field. When they slam back in to the helium atoms, they release that absorbed energy as shorter-wavelength photons -but only about one photon comes out for every 5,000 infrared photons that are put in.
The result is light at wavelengths almost as short as those delivered by synchrotrons. By increasing the pressure in the gas -something theorists thought might defocus the light beam -Murnane and Kapteyn can produce light with a wavelength of 0.8 nanometres. Around these wavelengths, many of the chemical elements used in magnets and superconductors absorb a characteristic band of light. Kapteyn says that this could be used by chemists to discern the spin states of nickel atoms that make up the bits of information in magnetic computer hard drives, for example.
The tabletop systems have already surpassed the larger light-source facilities in terms of laser pulse speed. Murnane and Kapteyn's device produces very fast pulses, as short as 2.5 attoseconds (10 −18 seconds) -faster than the picosecond (10 -12 ) pulses of synchrotrons and the femtosecond (10 -15 ) pulses of freeelectron lasers. That timescale is even quicker than the making and breaking of chemical bonds. "At this timescale, we can start using these light sources to address questions where we have no idea what the answers will be, " says Ferenc Krausz, a physicist at the Max Planck Institute for Quantum Optics in Garching, Germany, and co-founder of Femtolasers, a company that sells ultrafast light sources.
Light produced by these sources is much less intense than that at the big national facilities, however. That's one reason why physicist Emma Springate, who runs Artemis, part of the Central Laser Facility at the Science and Technology Facilities Council's Rutherford Appleton Laboratory near Didcot, UK, wants access to both technologies. Artemis already has one of KMLabs' ultrafast extreme-ultraviolet sources, which it combines with access to a synchrotron source. "The synchrotron gives you a static, really clear high-resolution picture, and the ultrafast source gives you a slightly fuzzy movie, " Springate says.
Tabletop X-ray sources could still be several years away, Murnane says, but she hopes that they will one day be as common in labs as electron microscopes are. Shpyrko, for one, is looking forward to that day. Waiting to get an experiment accepted at a national facility, he explains, can feel like waiting for a space shuttle to launch. "If you have one of these in your own lab, you can dream up an experiment and try it tomorrow, " he says. ■ 
